A total of 144 male crossbred calves were allocated to four management treatments (bulls; steers; bulls implanted with zeranol at 100 d of age and re-implanted at 69, 93 and 56 d thereafter; bulls implanted with zeranol at 168 d of age and re-implanted at 93 and 56 d thereafter), and two pre-slaughter shipping treatments (minimum pre-slaughter stress with cattle shipped and slaughtered within 4 h of leaving the feedlot pen; moderate pre-slaughter stress with cattle mixed, trucked 160 km and slaughtered up to 24 h of leaving the feedlot pen) in a 4 • 2 factorial arrangement. Management treatment had no significant effect on carcass pH (45 min), carcass muscle temperature (45 rain), or peak shear-force of cooked longissimus muscle. Steers had significantly lower dressing percentage, warm-carcass weight, hide weight and carcass-lean content, but higher marbling score, fat thickness and intramuscular-fat content than all treatments with bulls. Minimum pre-slaughter stress resulted in significantly lower dressing percentage, warmcarcass weight, and carcass pH (45 rain), but generally had no effect on carcass tissue-yield measurements compared with the moderate stress treatment. Implanted bulls produced carcasses with significantly darker meat, higher 24-h pH and lower meat expressible juice than bulls and castrates for the moderate pre-slaughter stress treatment. These results provide evidence that zeranol implantation in bulls had a minor influence on carcass characteristics, and did not reduce the incidence of dark-cutting carcasses in young bulls subjected to moderate pre-slaughter shipping stress.
Introduction
There are many reports in the literature showing that young bulls grow faster and produce heavier and leaner carcasses than steers (reviewed by Seideman et al., 1982) . Problems of using bulls compared with steers include a more aggressive behavior in the feedlot and at marketing (Price and Tennessen, 1981) , often resulting in carcasses with darker-colored, coarser-textured meat (reviewed by Seideman et al., 1982) . The net effect translates into poorer carcass-quality grades for bulls, thus Scientific Paper No. 520, Lacombe Res. Sta., Res. Branch, Agriculture Canada. This publication is in commemoration of the Centennial of the Experimental Farm Stations Act in Agriculture Canada, 1886-1986. 2The authors thank the staff of the Lacombe Meat Res, Center for performing the carcass dissections and acknowledge partial funding of this project from the Farming for the Future Program administered by the Government of Alberta.
3 Meat Res. Center. Received July 22, 1985 . Accepted November 16, 1985 negating the advantages in production efficiency otherwise inherent for the bull relative to the steer. Recent reports (Greathouse et al., 1983; Staigmiller et al., 1985) have indicated that zeranol implantation of bull calves reduced the development of secondary sex characteristics (e.g., testicle weight), increased carcass fat content and produced more tender meat in comparison to non-implanted bulls. Price et al. (1983) reported that zeranol implantation of bulls resulted in a reduction in the number of dark-cutting carcasses compared with non-implanted control bulls. The possibility exists that zeranol implantation of bulls may therefore reduce stress-related meat-quality problems and so prevent or reduce the incidence of dark meat.
The present experiment was conducted to determine the effects of zeranol implantation on the carcass characteristics of bulls. In addition, the effects of two shipping treatments (minimum and moderate pre-slaughter stress) on carcass quality also were evaluated.
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Experimental Procedure
One hundred forty-four calves born between March and May, 1983 were used in the study. The calves were all crossbred from the following four breed composition groups: five-eighths Charolais and Simmental plus three-eighths British [Hereford, Angus and(or) Shorthorn] breeding, three-eighths Charolais or Simmenta] plus two-eighths Limousin plus three-eights British breeding, threeeighths Charolais or Simmental plus oneeighth Limousin plus four-eighths British (including two-eighths Red Angus) breeding and three-eighths Charolais or Simmental plus five-eighths British breeding. Calves were allocated to four management treatments and two pre-slaughter shipping treatments in a 4 x 2 factorial arrangement. The allocation was within breed group as far as possible, but the equalization of average age for all groups and of weaning weight were also considered in making the final pen allocations. The management treatments consisted of bulls, steers surgically castrated between 2 and 4 mo of age (average = 100 d), bulls implanted with zeranol (36 rag) between 2 and 4 mo of age (average= lO0d) and subsequently at intervals of 69, 93 and 56 d, and bulls implanted with zeranol between 4.5 and 7 mo of age (average = 169 d) and subsequently at intervals of 93 and 56 d. The two pre-slaughter shipping treatments consisted of minimum and moderate preslaughter stress. Minimum pre-slaughter stress involved shipping cattle directly from the feedlot to the slaughter plant (4 kin), with no mixing of unfamiliar animals and slaughter within 4 h of leaving the feedlot pen. Moderate pre-slaughter stress involved mixing unfamiliar cattle in the same management treatment, an overnight stand with no feed or water, followed by trucking for 160 kin, and slaughter within 24 h of leaving the feedlot pen. A factorial arrangement was used with three replicate pens within each of the four management treatments and two shipping treatments within each pen. The design required six animals from each pen for each pre-slaughter. shipping treatment, a total of 12 per pen. The slaughter schedule was established to take three cattle from each of the eight management x shipping-treatment subclasses on each of six slaughter dates. Thus, 24 cattle were slaughtered on each date. Withdrawal times for implanted bulls ranged from 74 to 165 d.
All calves were maintained on pasture with their dams without access to creep feeding until weaning at an average of 168 d. Following weaning, calves were allocated to 12 feedlot pens as previously described, and fed a diet based on cereal silage and concentrates to appetite. Cattle were slaughtered between 12 and 17 mo of age.
Slaughter was conducted at the Lacombe Meat Research Centre following normal cornmercia] procedures. Cattle were weighed immediately before stunning and hide weights were recorded on the slaughter floor. Carcass meat pH and temperature were recorded at approximately 45 min post-slaughter on the m. semimembranosus following the procedures reported by Rahnefeld eta] . (1985) . Warm-carcass weight was recorded and both carcass sides were shrouded and held for a 24-h chill at 1 C and then reweighed. The left carcass side was then ribbed between the 12th and 13th ribs and pH (24 h) recorded. Color was subjectively evaluated using a three-point rating scale foIlowing a 30-min "bloom period" (1 =bright cherry red; 2 = medium dark; 3 =dark), and marbling was subjectively estimated using a nine-point rating scale (1=very abundant, 9=traces). Minimum fat thickness at the ribbing site was also recorded. Carcasses were aged for a total of 144 h and carcass dissection was performed using procedures previously described by Rahnefeld et al. (1983) . The longissimus muscle, excised from the cornmercia] shortloin, provided the material for all laboratory evaluations. Sample means were used for data ana]ysis in all cases involving subsampling. The anterior face of the muscle was squared off by removing a 1-to 3-era-thick steak. A steak (2.54 cm thick) was then removed for pH and shearforce determinations 192 h post-slaughter. The next 10 cm of muscle was used for the determination of moisture, fat and expressible juice after thorough grinding and homogenizing. The steaks for shear eva]uation were cooked in a microwave oven to 75 C (medium well) and cooled overnight at 1 C, prior to shearing (216 h post-slaughter). Three 21-mm cores were removed along the lateral axis of the muscle and each core was sheared once. Shear-force va]ues v~ere obtained using an
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Texture Measuring System fitted with a Warner-Bratzler test cell (Voisey et al., 1972) . A single moisture determination was obtained on each sample using 100 g of ground muscle, and fat-percentage determinations were made from two subsamples of the residue of oven-dried samples for moisture determinations, after thorough grinding and mixing (Rahnefeld et al., 1985) . Expressible juice was determined by a centrifuge method previously described by Martin and Fredeen (1974) using 20-g single samples of freshly ground muscle centrifuged at 27,000 x g for 1 h (percent expressible juice = weight of the supernatant x 100/weight of sample). Three pH readings (pH 192 h) and % reflectance (Jeremiah et al., 1985) were taken on each steak prior to cooking for shearforce determinations.
Least-squares analysis of variance was used to partition variance associated with the main effects of management, shipping treatment, and their interaction. Pen within the management and shipping-treatment combination was used as the error term for hypothesis testing. Management treatment means were separated for significance, using t tests.
Results and Discussion
Management treatment had no significant effect on carcass muscle pH (45 rain), temperature or muscle shear-force (table 1) . Temperature and pH measurements were similar to those reported by Greathouse et al. (1983) for implanted and non-implanted bulls. However, Greathouse et al. (1983) found that implanting bulls with zeranol at 3 d of age resulted in improved tenderness values for longissimus steaks in several of their comparisons. and Johnson et al. (1984) both reported that longissimusmuscle shear-force was not affected by implanting male cattle with zeranol at 1 yr of age. Our results would support these findings and suggest that implanting bulls at 3 or 6 mo of age has little influence on muscle tenderness.
Implanted bulls were similar to bulls for the majority of carcass and muscle characteristics (table 1) . These included carcass composition, chemical composition of the longissimus muscle, dressing percentage, carcass shrink, hide weight or hide as a percentage of live weight, marbling score and minimum fat thickness at the ribbing site. These findings are in general agreement with other re- aMarbling score: 1 = very abundant, 9 = traces.
b'cvalues on the same row that do not have a common superscript differ (P<.05).
ports in the literature (Greathouse et al., 1983; Staigmiller et al., 1985) except on one major point. Both Greathouse et al. (1983) and Staigmiller et al. (1985) concluded that implanting bulls promoted the deposition of carcass fat based on greater fat thicknesses measured at the 12th and 13th ribs. and Price et al. (1983) both reported that implanting bulls had no effect on carcass composition, and Greathouse et al. (1983) were unable to demonstrate significant differences in rib-cut composition between bulls and implanted bulls. It appears from the carcass-composition and fat-thickness data in table 1 that bulls implanted with zeranol only have a minor tendency towards greater fat deposition compared with nonimplanted bulls to an extent which does not appear to have commercial significance.
There were major differences in the carcass characteristics of steers compared with the three treatments accorded to bulls. Most of the differences related to the increased deposition of fat in steer carcasses as compared with those of bulls (table 1). Similar findings have been reported in many other studies (reviewed by Seideman et al., 1982) . Bull carcasses from all three treatments had higher dressing percentage, greater hide weight and higher lean content than those from steers. Steer carcasses only produced meat with a lighter color (% reflectance) than bulls implanted at 3 mo of age (table 1) . There were no treatment differences in shear-force, although the comparison between steers and bulls approached significance (P>.06).
Shipping treatment significantly influenced initial carcass pH and muscle temperature (45 rain), dressing percentage, hide weight, warm-carcass weight and meat reflectance, but generally had no effect on measures of carcass composition (table 2) . Dressing percentage would be expected to increase for the moderate stress treatment since a much longer period elapsed from time of last feeding to slaughter. Muscle temperature was lower for moderately stressed animals, which agrees with the findings of Augustini (1981) . Shipping treatment had no effect on shearforce but moderate stress resulted in darkercolored muscle (table 2) .
Highly significant management x, shipping interactions were found for pH (24 h), pH (192 h), visual muscle-color score and meat expressible juice. Interaction means are presented in table 3. It was found that pH at 24 h was similar for bulls and steers on the moderate stress treatment and significantly lower than both implant treatments for bulls. Implanted bulls had 24-h pH measurements well above 6.0, which is often used as a physiological measure of dark-cutting muscle (table  3) . Carcass muscle pH (192 h)showed steers to have the lowest and implanted bulls the highest values. Visual color scores of 1 (bright cherry red) were recorded in carcasses across all management treatments for all animals on the minimum-stress regimen (table 3) . Both Price and Tennessen (1981) and reported that bulls had meat with an acceptable color when stress was minimized prior to sluaghter. However, for the moderate-stress treatment a high incidence of dark-colored meat was recorded for the zeranol-implanted bulls. The numbers of carcasses with medium dark (color score 2) and dark (color score 3) meat are shown in table 4. Bulls implanted with zeranol at 3 mo of age had the highest incidence of dark meat (13 of 18 carcasses), followed by bulls implanted at 6 mo of age (7 of 18 carcasses), bulls (4 of 18 carcasses) and steers (2 of 18 carcasses). The incidence of darkcutting carcasses was distributed across all slaughter dates and could not be attributed to any one or two of the specific kills. Carcasses with color scores of 2 and 3 would be classified as dark cutting and result in poorer carcass quality grades in Canada. Expressible juice (table 3) for meat samples from the moderate stress treatment were significantly lower for bulls implanted at 3 mo of age compared with muscle samples from the other three treatments. Dark, highpH meat is known to have a higher waterholding capacity than normal-pH meat (Hamm, 1960) and this result confirms the visual color scores previously discussed. The result of a greater incidence of dark cutting in the carcasses of implanted bulls is contrary to the findings of Price et al, (1983) , who reported that zeranol reduced dark cutting in bulls subjected to moderate pre-slaughter stress. The length of the withdrawal period following the final implantation of zeranol may have influenced the results of our study. Price et al. (1983) acolor score of 1 = bright cherry red, 2 = medium dark, 3 = dark.
at 81 d following the final implantation of zeranol, whereas the serial-slaughter procedure in our study gave withdrawal periods ranging from 74 to 165 d. It is possible that this longer withdrawal period could have resulted in changes in the hormone profiles of the implanted bulls, resulting in a higher incidence of dark-cutting carcasses. However, the incidence of dark-cutting carcasses was evenly distributed over time, which does not lend much support to this hypothesis.
The design of this study precluded separation of breed group and treatment effects. However, examination of the raw data showed that dark-cutting carcasses occurred in all breed-of-sire and breed-of-dam classes with an incidence in the moderate-stress shipping treatment ranging from .4 to .6. Thus, we conclude that the high incidence of darkcutting carcasses recorded in the moderatestress treatment was unlikely to be caused by a breed-group x management-treatment interaction Variation in the response of bulls to zeranol found in the literature (muscle tenderness, carcass fatness, meat color) may originate partly from the timing of the initial implant. For example, Staigmiller et al. (1985) found that implanting male calves with 72 mg of zeranol at 48 d of age resulted in decreased scrotal circumference, testicle weight and proportion of bulls that could produce an ejaculate at 14 mo of age, whereas implanting at 215 d of age had no effect on any of these traits. As zeranol is suggested to delay or partially suppress sexual maturity (Greathouse et al., 1983; Staigmiller et al., 1985) , further work to clarify the effects of zeranol on very young male calves (50 d of age) would seem to be warranted.
It was concluded that zeranol implantation of young bulls at 3 or 6 mo of age had little effect on the carcass characteristics or muscle quality under conditions of minimal pre-slaughter stress. However, under conditions of moderate pre-slaughter stress, zeranol-implanted bulls produced a greater incidence of dark-colored meat than either bulls or steers. Previously reported findings (Greathouse et al., 1983; Staigmiller et al., 1985) suggest that zeranol implantation of bulls promoted carcass-fat deposition and increased meat tenderness and reduced the incidence of stress-related meat quality problems (Price et al., 1983) . Our results suggest that repeated implantation of zeranol, particularly in bulls from 3 mo of age, will increase the number of dark-cutting carcasses compared with that recorded for bulls and steers under conditions of moderate preslaughter stress. To translate these findings into commercial practice is difficult because pre-slaughter conditions are highly variable, and the estimate of the incidence of dark cutting provided in our study must be considered with respect to the relatively small treatment groups (n=18) that were involved in the experimental design. However, despite the finding that implanted bulls produced significantly higher levels of dark cutting in this study, we would conclude that zeranol implantation of bulls does not appear to lower the incidence of dark cutting in bulls under conditions of moderate pre-slaughter stress. Clearly, further research needs to be conducted to examine how stress-related problems of meat quality might be reduced in bulls if the advantages in production efficiency of bulls are to be realized in commercial practice.
